Objective To evaluate the influence of atrial fibrillation (Af ) on the clinical characteristics and rehabilitation outcomes of patients with cerebral infarction. Methods We evaluated 87 of 101 consecutive patients with cerebral infarction admitted to the department of physical medicine and rehabilitation during their rehabilitation period. The patients were divided into two groups, Af and non-Af groups. We estimated characteristics of patient demographic features, disease duration, length of hospital stay, other comorbidities and risk factors for stroke, and functional status at admission and at discharge and compared those in patients with and without Af. Functional Independence Measure (FIM), the Modified Barthel Index (MBI), and the PULSES profile (PULSES) were used to evaluate functional status. Results The number in the Af group was 20 (22.9%) and that of the non-Af group was 67 (77.1%). Demographic features, other comorbidities, motor function, cognitive function, neurological scales, and brain lesions did not differ significantly between the groups. The incidence of coronary artery disease and valvular heart disease were significantly correlated with the incidence of Af in multivariate analysis. Based on FIM, MBI, and PULSES scores, functional improvement in the Af group after rehabilitation was significantly less than that of the non-Af group. Conclusion Af was shown to be associated with a markedly negative result in rehabilitation in patients with cerebral infarction. Thus, early recognition and proper treatment of Af may help patients achieve more effective rehabilitation.
INTRODUCTION
Atrial fibrillation is the most common arrhythmia in the elderly. In particular, atrial fibrillation has considerable morbidity and mortality rates in elderly patients and is considered a major risk factor for stroke [1] . The prevalence of atrial fibrillation is about 1% of the general population and doubles every 10 years, for example, increasing from 0.5% in people in 50s to almost 9% in 80s [2, 3] .
Patients with atrial fibrillation are more at risk for stroke than patients with sinus rhythm [4, 5] . Go [6] reported www.e-arm.org that atrial fibrillation accounted for 20% of all occurrences of cerebral infarction. Wolf et al. [7] also revealed that patients with chronic atrial fibrillation without valvular heart disease or structural heart disease had a 5 times higher prevalence of stroke while patients with valvular heart disease or structural heart disease along with chronic atrial fibrillation had a 17 times higher prevalence of stroke. It has been reported that from 9.3% to 23% of patients with stroke have atrial fibrillation [8] [9] [10] .
The role of atrial fibrillation as a prognostic factor in stroke has not been studied thoroughly. However, most previous studies reported that atrial fibrillation was related to more frequent stroke recurrence and a higher fatality rate [8, 11, 12] . Fisher [13] reported that patients with stroke and atrial fibrillation had more severe and fatal stroke symptoms more commonly than patients with stroke without atrial fibrillation, although recent study results were not consistent with this [11, 14] .
It is also not yet clear how atrial fibrillation affects the process of recovery from stroke. The most serious concern of rehabilitation professionals is the effect of atrial fibrillation on functional and clinical outcomes and longterm follow-up of patients with stroke. Until recently, few studies had examined rehabilitation in patients with stroke and atrial fibrillation and even those study results were conflicting [8, 10] . Considering the high prevalence of atrial fibrillation in patients with stroke, it is important to determine the relationship between atrial fibrillation and stroke progress.
In this study, we examined the frequency of atrial fibrillation in patients who participated in a comprehensive rehabilitation program after hospitalization and studied the importance of atrial fibrillation in the rehabilitation process of stroke. Finally, we evaluated the effects of atrial fibrillation on a measure of stroke progress.
MATERIALS AND METHODS

Subjects
The subjects of this study were 101 patients who were admitted to the rehabilitation ward in our hospital for comprehensive treatment after onset of cerebral infarction. The rehabilitation continued for approximately 3 months although the rehabilitation schedule differed depending on the condition of the patients (Af group=91.1±22.6 days vs. non-Af group=80.6±22.0 days).
The final diagnosis of all patients was made with computed tomography or magnetic resonance imaging. The inclusion criteria were 1) man or woman aged 40 or more, 2) patient with first onset of cerebral infarction, and 3) patients who were transferred to our unit from the Neurology Department after an acute phase treatment. Among them, 14 patients could not finish the rehabilitation program due to associated systemic diseases, such as pneumonia, sepsis, acute myocardial infarction, acute renal failure, and shock. Except these 14 patients, 87 patients (77 men, 10 women) with stroke were included. Their average age was 72.6 years.
The exclusion criteria were 1) previous stroke history, 2) previous rehabilitation history, 3) concomitant disease that could prevent the rehabilitation program, 4) patients with cerebral hemorrhage, such as subarachnoid and epidural hemorrhages, 5) history of neurological or mental disease or alcohol addiction, and 6) history of paroxysmal atrial fibrillation.
This study was a retrospective study and study data were obtained through medical records. It was conducted with the informed consent of all subjects.
Methods
The rehabilitation program was done for 30 minutes per session, 5 days per week, for 12 weeks. It consisted of neurodevelopmental treatment, therapeutic exercise, functional electrical stimulation, occupation therapy, dysphagia rehabilitation, physical modalities, art therapy, and psychological counseling.
At the first assessment, subjects were examined regarding risk factors of cerebrovascular disease, diabetes, hypertension, dyslipidemia, smoking, coronary artery disease, congestive heart failure, and valvular heart disease. Atrial fibrillation was defined as having an irregular QRS wave with no visible P wave on a 12-lead ECG or atrial flutter concomitant with irregular ventricular response at the time of admission [15, 16] .
Motor function was evaluated in terms of the manual muscle test (MMT). Cognitive function was assessed in terms of Mini-Mental State Examination (MMSE-K) scores. The National Institutes of Health Stroke Scale (NIHSS) was used to evaluate the patients' neurological scale. The infarcted lesions were also classified by their locations.
The extent and the type of the cerebral infarction were
www.e-arm.org assessed using the Chaudhuri classification [17] . This system is described as follows: [18] [19] [20] . The Modified Barthel Index (MBI) was also used. The MBI is used to measure performance in activities of daily living (ADL) in patients with chronic disease; it evaluates the patient's independence through direct observation of the ADL of the patient along with an interviews. Furthermore, the PULSES profile was used to monitor and predict functional improvement after the rehabilitation program. The score is known to have a high correlation with the FIM and MBI scores [21, 22] . At the times of admission and discharge, FIM, MBI, and PULSES scores of patients were determined so that improved functional performance was assessed by comparing the scores between admission and discharge after the rehabilitation program.
Statistical analyses
Risk factors between patients with and without atrial fibrillation were compared. If the variance according to Levene test was the same, Student t-test was used to conduct a univariate comparison between the two groups of continuous variables. The c 2 test was used for univariate comparisons of nominal variables. A multiple linear regression model was used to analyze the effect of the program on the FIM, MBI, and PULSES scores. The multiple logistic regression model included factors that could be confounding variables, such as age, gender, hospitalization period, time taken from stroke onset to rehabilitation, valvular heart disease, congestive heart failure, and coronary artery disease, including nominal variables that were found to be statistically significantly different between patients with and without atrial fibrillation from the c 2 test, to examine and quantify the relationship between the variables and atrial fibrillation independently. The significance level of the two-sided test was set to p<0.05. The SPSS ver. 17 for Windows (SPSS Inc., Chicago, IL, USA) was used for statistical analyses.
RESULTS
Characteristics of the subjects Among 87 patients with cerebral infarction, only 20 (22.9%) had atrial fibrillation at the time of admission. The frequency of atrial fibrillation increased as age increased. For example, in patients under 70 years, it was 6.1% while in patients over 70 years, it was 33.3%.
The average age of patients with atrial fibrillation was 75.1±5.1 years while the average age of patients without atrial fibrillation was 71.8±8.8 years. The difference was not statistically significant (p=0.116). No significant difference was seen in average morbidity period, diabetes, hypertension, dyslipidemia, smoking rate, or carotid atherosclerosis between the groups.
It took 11.5±10.7 days to transfer patients with atrial fibrillation from the Neurological Department that diagnosed cerebral infarction to the Department of Rehabilitation Medicine, while it took 10.5±8.3 days for patients without atrial fibrillation. Patients with atrial fibrillation had a longer hospitalization period but it was not statistically significant (p=0.067) ( Table 1 ).
In the univariate comparison, patients with atrial fibrillation had significantly higher prevalence of valvular heart disease, coronary artery disease, and heart failure than patients without atrial fibrillation (c 2 =10.818 and p=0.004, c 2 =10.703 and p=0.002, and c 2 =4.656 and p= 0.046, respectively) ( Table 1) . When factors, such as age, gender, hospitalization period, time taken from stroke onset to rehabilitation, diabetes, hypertension, dyslipidemia, smoking rate, and carotid atherosclerosis, were included in the multiple logistic regression analysis, atrial fibrillation showed a significant correlation with coronary artery disease (odds ratio www.e-arm.org heart failure ( Table 2) .
Assessment of motor function, cognitive function, and neurological scale
Patient motor function was evaluated with the MMT. Cognitive function was assessed using the MMSE-K. Neurological status before rehabilitation was assessed using the NIHSS. Regarding motor function, the nonAf group had better upper and lower extremity muscle power than the Af group before rehabilitation. However, there was no statistically significant difference between the groups (p>0.05).
In MMSE-K, mild cognitive impairment was detected in both groups. The total score of the non-Af group was better than that of Af group. However, there was no statistically significant difference (Af group=20.5±8.3 vs. non-Af group=23.2±7.6; p=0.214). In neurological status using NIHSS, the non-Af group showed a statistically significantly better result in the movement of lower extremities (Af group=2.4±1.3 vs. non-Af group=0.7±0.2; p=0.015). However, there was no statistically significant difference in the total score (Af group=17.5±6.8 vs. nonAf group=11.2±5.3; p=0.101).
In conclusion, there was no significant difference between the groups in terms of motor function, cognitive function, or neurological scale. In a univariate analysis including each item, there was no significant difference. In a multivariate analysis including each item, statistically significant differences remained, although the influence of atrial fibrillation on the FIM score at discharge decreased a little (MMT: B=-8.48, SE(B)=3.16, p=0.013; MMSE-K: B=-6.22, SE(B)=2.13, p=0.010; NIHSS: B=-7.39, SE(B)=2.54, p=0.009). In a multivariate analysis including all three items, the difference due to atrial fibrillation was still statistically significant (B=-5.87, SE(B)=2.01, p=0.027). In a multivariate analysis including each item, a statistically significant differences in MBI score at discharge due to atrial fibrillation remained (MMT: B=-6.92, SE(B)=3.27, p=0.028; MMSE-K: B=-7.96, SE(B)=4.05, p=0.021; NIHSS: B=-5.38, SE(B)=2.74, p=0.033). In a multivariate analysis including all three items, the difference of MBI score due to atrial fibrillation was still statistically significant (B=-5.19, SE(B)=2.52, p=0.031). In a multivariate analysis including each item, there was a statistically significant difference in PULSES score at discharge due to atrial fibrillation (MMT: B=-2.38, SE(B)=1.04, p=0.021; MMSEK: B=-2.07, SE(B)=0.74, p=0.032; NIHSS: B=-1.75, SE(B)=0.59, p=0.039). In a multivariate analysis including all three items, the difference in PULSES score due to atrial fibrillation remained statistically significant (B=1.01, SE(B)=0.49, p=0.043).
Assessment of brain lesions
Because location, type, extent of infarcted lesions can affect the results of rehabilitation, we classified the infarcted lesions according to the Chaudhuri classification and by their locations. Regarding the relationship between functional recovery and the location and the extent of cerebral infarction, it is known that patients whose brain lesions are located in the brainstem rather than the cerebral hemispheres or in a cerebral subcortical area rather than a cerebral cortical area, or only in a www.e-arm.org restricted area, such as the putamen or thalamus, among the cerebral subcortical areas, show better results [23] [24] [25] [26] [27] . The results are shown in Tables 3 and 4 . According to the Chaudhuri classification, group IV or V (deep infarct or combination of deep infarct and large superficial infarct) lesions were more prevalent in the Af group than the non-Af group. In the non-Af group, group II (small superficial infarct involving one cerebral lobe) lesions were detected more frequently. However, there was no statistically significant difference in the type or extent of brain lesions between the groups according to the Chaudhuri classification. Comparing the locations in both groups, there were more basal ganglia infarctions in the Af group, but the difference was not significant (p=0.087). In other areas of the brain, there was no statistically significant difference in the distribution of infarcted lesions between the groups. In the Af group, there were more brain lesions located in the brainstem and basal ganglia (including the putamen) that are known to show better results in rehabilitation compared with the non-Af group. However, the functional recovery results after rehabilitation were better in the non-Af group, seemingly contrary to the supposedly unfavorable brain lesions. Thus, location, type, and extent of infarcted lesions did not seem to affect rehabilitation outcomes in this study.
Functional improvement assessment
Patients with atrial fibrillation had significantly lower FIM, MBI, and PULSES scores at the time of admission to the Department of Rehabilitation Medicine (62.4±21.0 vs. 76.6±21.2, p=0.010; 53.4±19.7 vs. 66.8±23.8, p=0.024; and 15±1.3 vs. 11±2.2, p=0.035, respectively) ( Table 5) . Patients with atrial fibrillation also had significantly lower FIM, MBI, and PULSES scores after completion of the rehabilitation program (67.8±20.9 vs. 85.2±21.4, p=0.002; 57.9±9.2 vs. 72.9±24.0, p=0.012; and 13.8±1.4 vs. 8.5±2.8, p=0.017, respectively) ( Table 5 ). Patients with atrial fibrillation also had significantly lower increases in FIM, MBI, and PULSES scores, obtained by subtracting the scores after the rehabilitation program from those before the program (5.4±2.4 vs. 8.7±4.1, p=0.001; 4.5±2.7 vs. 6.0±3.7, p=0.048; and 1.2±0.5 vs. 2.5±1.2, p=0.001, respectively) ( Table 5 ). In the multiple linear regression analysis, atrial fibrillation correlated with a decrease of 11.34 in the FIM score at the time of discharge (B=-11.34, SE(B)=3.87, p=0.002), of 10.81 in the MBI score at the time of discharge (B=-10.81, SE(B)=4.02, p=0.012), and of 2.47 in the PULSES score at the time of discharge (B=-2.47, SE(B)=0.85, p=0.017). The effect of atrial fibrillation on the FIM score at the time of discharge was further reduced if the FIM score at the time of admission was included in the analysis. However, it still showed a statistically significant difference (B=-6.51, SE(B)=2.12, p=0.012). The MBI scores also showed that the difference between atrial fibrillation and the MBI scores at the time of discharge was reduced further if the MBI scores at the time of admission were included in the analysis, but it too still showed a significant correlation (B=-5.21, SE(B)=2.56, p=0.035). The PULSES scores also showed that the difference between atrial fibrillation and the PULSES scores at the time of discharge was reduced further if the PULSES scores at the time of admission was included in the analysis, but it too still showed a significant correlation (B=-1.05, SE(B)=0.56, p=0.041).
DISCUSSION
Atrial fibrillation is the most prevalent arrhythmia in the elderly and is a known major risk factor for cerebral www.e-arm.org infarction. Although it is important to identify the role of atrial fibrillation in the etiology of cerebral infarction, it is also important to assess the effects of atrial fibrillation on prognosis, long-term risk of recurrence of disease, mortality rate, and functional activity level. In this study, the effects of atrial fibrillation on functional activity levels was assessed with regard to patients with cerebral infarction following the acute phase after taking a rehabilitation program. The frequency of atrial fibrillation in the patients of this study was 22.9%, similar to other reports [8] [9] [10] . Generally, most previous studies reported that patients with cerebral infarction and atrial fibrillation were older than patients with cerebral infarction and sinus rhythm. However, in our study, no significant difference in age was found between the groups. However, a group with atrial fibrillation had a higher average age and also higher prevalence of atrial fibrillation as age increased.
The functional activity level of two groups, based on FIM, MBI, and PULSES scores, showed that patients without atrial fibrillation had better results even before the rehabilitation program. Patients with atrial fibrillation showed functional recovery after the rehabilitation program but their recovery was not as high as in patients without atrial fibrillation. At the end of the rehabilitation program, patients with atrial fibrillation showed statistically significantly higher disability and lower function activity performance than patients without atrial fibrillation.
Compared with patients with sinus rhythm, patients with atrial fibrillation had a higher probability of coronary artery disease, valvular heart disease, and congestive heart failure. However, the prevalence of other risk factors, such as diabetes, hypertension, smoking, dyslipidemia, and carotid atherosclerosis, showed no significant difference between the groups. Such concomitant diseases in the patients with atrial fibrillation could contribute to or be the reason for the lower functional activity performance. Previously, Roth [28] reported that the presence of heart diseases, such as ischemic heart disease and congestive heart failure, negatively affected the rehabilitation of stroke patients, their long-term followup progress, and treatment.
This study result showed that atrial fibrillation was related not only to a higher risk of cerebral infarction occurrence but also higher disabilities in patients with cerebral infarction. Thus, it can be concluded that atrial fibrillation has a negative effect on recovery from cerebral infarction. Many previous studies reported that atrial fibrillation was related to a higher death rate in stroke patients; in particular, it was closely related to death rate after 30 days from the onset of stroke [8, 11, 12, 29, 30] . Only a few studies have examined the relationship of atrial fibrillation with functional results in the process of recovery after stroke [8, 10] . Most of these reports explained that the high death rate and low functional activity performance in patients with atrial fibrillation were due to older age, larger brain lesions, and more severe initial neurological disabilities.
Although there was no significant difference in age, motor function, cognitive function, neurological scale, or infarcted brain lesions between the groups, patients with and without atrial fibrillation did show significant differences in functional activity performance. This result indicates that factors other than age, pretreatment motor and cognitive functions, neurological scale and infarcted brain lesions contributed to the recovery from cerebral infarction. For example, differences in brain lesions, concomitant diseases, and hemodynamic factors in the recovery process from cerebral infarction, and the will of the patient and family are also considered to be contributing factors.
A limitation of this study is that it was difficult to assess the degree of neurological disability of patients who were admitted to the Department of Neurology at the time of admission because this study chose subjects who were transferred from the Department of Neurology after acute phase treatment for the cerebral infarction. It was also difficult to assess the severity of the functional disability according to a morbidity period of atrial fibrillation.
Also, we did not classify the cerebral infarction by pathophysiology or by vascular territory. The Af group was mainly embolic infarction and the non-Af group was mainly thrombotic or lacunar infarctions. Additionally, there were patients with multifocal infarctions in which two or more or vascular territories were involved. Thus, it was difficult to compare rehabilitation outcomes of cerebral infarction according to the classification by pathophysiology or by vascular territories, which is why we used the Chaudhuri classification. Lack of long-term follow-up and the retrospective study design are also limitations of this study.
In conclusion, atrial fibrillation can be considered as a
www.e-arm.org negative prognostic factor in terms of functional progress in patients with cerebral infarction. Thus, more attention to heart assessments and treatments should be given to patients with cerebral infarction and atrial fibrillation. It would be helpful for the active participation of patients with atrial fibrillation in the rehabilitation program to recognize the presence of atrial fibrillation and monitor their heart problems attentively during the rehabilitation treatment. Thus, active treatment following an assessment of the underlying diseases and structural diseases of the heart that can generate atrial fibrillation can prevent the occurrence and recurrence of cerebral infarction as well as increase the success rate of rehabilitation programs.
